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© Observation apparatus for the behavioral observation of experimental animals. 



© An observation apparatus for the behavioral ob- 
servation of experimental animals (M), capable of 
detecting the three-dimensional actions of the ex- 
perimental animal. The observation apparatus com- 
prises a transparent keeping cage (1) having cylin- 
drical outer and inner walls (2, 4) defining an annular 
keeping space (6) therebetween, a group of circum- 
ferential position detectors, a group of standing ac- 
tion detectors (11), a group of inner peripheral posi- 
tion detectors (12). a group of outer peripheral posi- 
tion detectors (13), and data processing unit for 
processing detection signals produced by the detec- 
tors to determine the actions of the experimental 
animal through the analysis of the detection signals 

a produced by the detectors. The detectors of each 
group are arranged on a circle at equal angular 
Ifl arrangement. Four detectors each of one of the four 
If) groups of detectors are arranged in a set on the 
^same radius and driven simultaneously or sequen- 
tially, and the sets of the detectors are driven se- 
COquentially one at a time to avoid interference be- 
w tween the detectors. The data processing unit is 
O simple and compact in construction and has amplify 
Qers each for each set of the detectors. The transpar- 
Qjent keeping cage (1) and its annular keeping space 
(6) enables the natural, spontaneous movement of 
the experimental animal (M) in a three-dimensional 



space. 



fig \ 




Xerox Copy Centre 



06/18/2004, EAST Version: 1.4.1 



1 



EP 0 363 755 A2 



2 



OBSERVATION APPARATUS FOR THE BEHAVIORAL OBSERVATION OF EXPERIMENTAL ANIMALS 



The present invention relates to an observation 
apparatus for the behavioral observation of experi- 
mental animals, such as mice, rats or hamsters, 
employing optical sensors to measure the actions 
of the experimental animal. 

Novel medical supplies and foodstuffs are un- 
der a legal obligation to undergo safety tests in- 
cluding long-term animal experiments. The behav- 
ioral observation of an experimental animal is one 
of the modes of animal experiments. Since the 
continuous visual observation of the actions of an 
experimental animal is impossible, the behavior of 
the experimental animal is monitored by optical 
sensors to determine the positions of the experi- 
mental animal, the data obtained by the optical 
sensors is analyzed logically 'and the behavior is 
represented by numerical data. As shown in Fig. 5, 
a conventional apparatus for the behavioral ob- 
servation of an experimental animal comprises a 
cage 1 having the shape of a rectangular solid, and 
optical sensors arranged along the X-axis and the 
Y-axis, which are perpendicular to each other, to 
measure only the two-dimensional positions, the 
width and length of an experimental animal, i.e., a 
mouse M. 

Catching the experimental animal only within a 
plane, this conventional observation apparatus is 
unable to detect peculiar standing actions and deli- 
cate actions, such as the swing motions of the 
head Ma within the width Ya of the body Ma, of the 
experimental animal. Furthermore, being unable to 
detect the three-dimensional actions of the experi- 
mental animal and detecting the actions of the tail 
and the body Ma inclusively, the conventional ob- 
servation apparatus is unable to provide detailed 
measured data. 

Although an optical sensor may be arranged 
for three dimensional detection, increase in the 
number of the optical sensor inevitably increases 
the cost of the observation apparatus. Furthermore, 
if the space defined by the side walls of the cage 
is not extraordinarily large, the advancement of the 
experimental animal is limited by the side walls of 
the cage having the shape of a rectangular solid 
and hence the continuous movement of the experi- 
mental animal is restricted. Consequently, the ar- 
bitrary or spontaneous actions of the experimental 
animal is restricted and the experimental animal Is 
obliged to act under physical restrictions, which 
deteriorates the accuracy of measured data. 

Accordingly, it is an object of the present In- 
vention to provide an observation apparatus for the 
behavioral observation of experimental animals, ca- 
pable of measuring the three-dimensional actions 
of an experimental animal without requiring an ex- 



cessively large number of optical sensors, and 
employing a cage defining a limited keeping space 
having a special morphology capable of making the 
experimental animal move spontaneously and con- 

5 tinuously as if the experimental animal is in an 
infinite space. 

In one aspect of the present invention, an ob- 
servation apparatus for the behavioral observation 
of experimental animals comprises a transparent 

10 keeping cage having cylindrical outer and inner 
walls defining an annular space therebetween, cir- 
cumferential position detectors, standing action de- 
tectors, inner peripheral position detectors, and out- 
er peripheral position detectors, characterized in 

75 that the light projecting elements of the circum- 
ferential position detectors and the standing action 
detectors are arranged either outside the outer wall 
of the keeping cage or inside the inner wall of the 
keeping cage, the light receiving elements of the 

20 circumferential detectors and the standing action 
detectors are arranged, respectively, opposite to 
the corresponding light projecting elements either 
inside the inner wall of the keeping cage or outside 
the outer wall of the keeping cage, the light projec- 

2$ ting elements of the inner peripheral position de- 
tectors are arranged on a circle either over or 
under the keeping cage, the light receiving ele- 
ments of the inner peripheral position detectors are 
arranged, respectively, opposite to the correspond- 

30 ing light projecting elements either under or over 
the keeping cage, the light projecting elements of 
the outer peripheral position detectors" are arranged 
on a circle either over or under the keeping cage, 
and the light receiving elements of the outer pe- 
as ripheral position detectors are arranged, respec- 
tively, opposite to the corresponding light projec- 
ting elements either under or over the keeping 
cage. 

The annular space provides an endless path 
40 for the circumferential movement of the experimen- 
tal animal along the inner or outer wall of the 
keeping cage to enable the natural and sponta- 
neous motions of the experimental animal. The 
transparent inner and outer walls define a path 
45 having a large apparent width and hence the ex- 
perimental animal is not repressed psychologically. 

The circumferential position detector detects 
the orientation of the experimental animal, the 
standing action detectors detects the standing ac- 
50 tions of the experimental animal, the inner periph- 
eral position detectors detects the positions of the 
experimental animal on the inner side of the path, 
and the outer peripheral position detectors detect 
the postions of the experimental animal on the 
outer side of the path, and one of the inner perlph- 
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eral position detectors and the corresponding outer 
peripheral position detector detect the experimental 
animal simultaneously when the experimental ani- 
mal is at a position between the inner ; and outer 
wails of the keeping cage, so that the movement of 
the experimental animal In a three-dimensional 
space can be detected. 

The radial arrangement of the detectors, re- 
spectively, on circles enables the analysis of 
minute movement of the experimental animal by a 
computer system without requiring an excessively 
large number of detectors. 

Thus, the observation apparatus of the present 
invention is simple and compact in construction, 
inexpensive, capable of continuously and minutely 
detecting the three-dimensional, natural, spontane- 
ous actions of the experimental animal and capable 
of continuously obtaining highly reliable accurate 
databy using a comparatively smalt number of de- 
tectors. 

The observation apparatus of the present in- 
vention is applicable to the following purposes. 

1. Development of psychiatrical medicine 

2. Behavioral measurement (daily and circa- 
dian behavior) 

3. Study of senile dementia 

4. Study of the time-dependent variation of 
effect of medicine 

■ 5. Study of instinct behaviors (sexual im- 
pulse and appetite) 

-6. Study of reactions to external stimulations 

7. Examination of learning functions 

8. Study of intelectual level 

The above and other objects, features and ad- 
vantages of the present invention will become more 
apparent from the following description taken in 
conjunction with the accompaying drawings. 

Rg. 1 is a partially sectional front elevation 
of an observation apparatus for the behavioral ob- 
servation of experimental animals in a preferred 
embodiment according to the present invention; 

Rg. 2 is an exploded perspective view of a 
keeping cage employed in the observation appara- 
tus of Rg. 1 ; 

Fig. 3 is a diagrammatic plan view of assis- 
tance In explaining the arrangement of detectors; 

Rg. 4 is a fragmentary sectional view taken 
on line A-A in Fig. 1, showing the arrangement of 
detectors; 

Fig. 5 is a diagrammatic illustration of assis- 
tance in explaining a conventional observation ap- 
paratus for the behavioral observation of experi- 
mental animals. 

Referring to Rgs. 1 and 2, an observation 
apparatus embodying the present invention has a 
keeping cage 1 accommodated in a case C. The 
keeping cage 1 Is formed by molding a transparent 
plastic. The keeping cage 1 has a bottom wall 3, a 



cylindrical outer wall 2 formed along the outer 
periphery of the bottom wall 3, and a cylindrical 
inner wall 4 formed around the inner periphery of 
the bottom wall 3 and forming a core 5 resembling 

5 an inverted cup. The outer wall 2 and the inner wail 
4 define an annular keeping space 6 therebetween. 
A transparent lid 7 Is placed on top of the keeping 
cage 1 to close the keeping space 6. 

The observation apparatus is provided with cir- 

w cumferential position detectors 10, standing action 
detectors 11, inner peripheral position detectors 12 
and outer peripheral position detectors 13. Detec- 
tion signals produced by those detectors are pro- 
cessed by a data processing unit provided in the 

15 case C. 

An upper ring 20 and a lower ring 21 are 
disposed coaxially around the keeping cage 1. An 
upper disk 22 and a lower disk 23 are disposed 
coaxially inside the core 5. A circular top plate 24 

20 is disposed coaxially with and above the keeping 
cage 1. A circular bottom plate 25 is disposed 
coaxially with and below the keeping cage 1. 

The circumferential position detectors 10 have 
light projecting elements 10a arranged in the pe- 

25 riphery of the lower disk 23 alternately on the . 
upper and lower sides of the same at equal angular 
Intervals of 10°, and light receiving elements 10b 
arranged in the periphery of the lower ring 21 
alternately on the upper and lower sides of the 

so same so as to correspond, respectively, to the light 
projecting elements 10a. The standing action de- 
tectors 11 have light projecting elements 11a pro- 
vided on the upper disk 23 similarly to the light 
projecting elements 10a of the circumferential posi- 

36 tion detectors 10, and light receiving elements 11b 
provided on the upper ring 20 similarly to the light 
receiving elements 10b of the circumferential posi- 
tion detectors 1 0. 

The alternate arrangement of the detectors 10 

40 and 11 on the upper and lower sides, respectively, 
of the lower disk 23 and the lower ring 21 and of 
the upper disk 22 and the upper ring 20 facilitates 
the recognition of the tail of an experimental animal 
M put. in the cage 1 and prevents interference 

45 between the detectors. Each of the light projecting 
elements 10a of the circumferential position detec- 
tors 10 is disposed so as to project a light beam in 
parallel to the bottom wall 3. The height of the 
standing action detectors 11 is adjustable accord- 

50 ing to the size of the experimental animal IvJ. 

The inner peripheral position detectors 12 and 
the outer peripheral position detectors 13 have light 
projecting elements 12a and 13a arranged at equal 
angular Intervals of 10° on the top ptate 24, and 

55 light receiving elements 12b and 13b arranged at 
equal angular intervals of 10° on the bottom plate 
25 so as to correspond to the light projecting 
elements 12a and 13a, respectively. 
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Infrared photosensors are used- as the detec- 
tors to avoid unnecessary stimuli to the experimen- 
tal animal M. Each of the light projecting elements 
is an infrared LED (light emitting element) and each 
of the light receiving elements is a phototransistor. 

The keeping cage 1 is supported for rotation 
on a support shaft 9, while the detectors are sta- 
tionary in the case C. Accordingly, the light projec- 
ting elements and light receiving elements of the 
detectors 10, 11, 12 and 13 are In alignment with 
each other at ail times. 

Detection signals produced by the 144 detec- 
tors (36 x 4> are scanned electrically to enable a 
simple data processing unit to process the detec- 
tion signals through a simple operation. 

Thirty-six detector sets each of the circum- 
ferential position detector 10, the standing position 
detector 11, the inner peripheral position detector 
12 and the outer peripheral position detector 13 on 
the same radius are scanned electrically to obtain 
thirty-six sets of data for one scanning cycle, and 
then the thirty six-sets of data are processed by a 
computer to obtain data representing the three- 
dimensional position of the experimental animal M 
in one scanning cycle. Thus, the motion of the 
experimental animal M is determined by a plurality 
of pieces of data provided by the computer. 

The observation of the experimental animal In 
such a scanning mode, in which the infrared LEDs 
are lighted sequentially, can be achieved by simple 
hardware and simple software, and requires smail 
power. 

Since the experimental animal can be thus 
detected at any position within the annular keeping 
space in the cage 1, reactions of the experimental 
animal to stimuli can be minutely detected and 
represented by data. 

It is possible that the detection of the position 
of the experimental animal is impossible due to 
possible interference between the detectors by in- 
frared rays projected from the infrared LEDs result- 
ing from the diffusion of the infrared rays or minute 
misalignment of the optical axes of the detectors 
when the 144 detectors are driven simultaneously. 
However, in accordance with the present invention, 
the thirty-six sets of detectors each of four detec- 
tors on the same radius are driven sequential!/ one 
at a time, and hence the detecting functions of the 
adjacent sets of detectors are not affected by each 
other. 

To avoid interference between the four detec- 
tors of each set, the four detectors are driven 
sequentially according to a timing signal, so that 
the phototransistor of the detector which is not 
driven does not produce any signal. even If infrared 
rays fall thereon. 

In this embodiment, the data processing unit 
has only four amplifiers each for thirty-six detec- 



tors. 

The vertically zigzag arrangement of the detec- 
tors further ensures the prevention of interference 
between the detectors. 

s Although the Invention has been described in 

Its* preferred form with a certain degree of particu- 
larity, obviously, many changes and variations are 
possible therein. It is therefore to be understood 
that the present invention may be practiced other- 

w wise than as specifically described herein without 
departing from the spirit and scope thereof. 

The features disclosed in the foregoing de- 
scription, in the claims and/or in the accompanying 
drawings may, both, separately and in any com- 

15 birration thereof, be material for realising the inven- 
tion in diverse forms thereof. 



Claims 

20 

1 . An observation apparatus for the behavioral 
observation of experimental animals, comprising: 
a transparent keeping cage (1) having cylindrical 
outer and inner walls (2, 4) defining an annular 

25 keeping space (6) therebetween; 

a plurality of circumferential position detectors (10) 
arranged at equal angular intervals and each hav- 
ing a light projecting element (10a) and a light 
receiving element (10b); 

oo a plurality of standing action detectors (11) ar- 
ranged at equal angular intervals and each having 
a light projecting element (11a) and a light receiv- 
ing element (11b); 

a plurality of inner peripheral position detectors 
35 (12) arranged at equal angular intervals and each 

having a light projecting, element (12a) and a light 

receiving element (12b); and 

a plurality of outer peripheral ^position detectors 

(13) arranged at equal angular intervals and each 
40 having a light projecting element (13a) and a light 

receiving element (13b); 

characterized in that: 

the light projecting elements (10a) of the circum- 
ferential position detectors (10) are arranged on a 
45 circle either outside the outer wall (2) of the keep- 
ing cage (1) or inside the inner wall (4) of the 
keeping cage (1); 

the light receiving elements (10b) of the circum- 
ferential position detectors (10) are arranged on a 

so circle, respectively, opposite to the corresponding 
light projecting elements (10a) either inside the 
inner wall (4) of the keeping cage (1) or outside the 
outer wall (2) of the keeping cage (1); 
the light projecting elements (11a) of the standing 

55 action detectors (1 1) are arranged on a circle either 
outside the outer wall (2) of the keeping cage (1) or 
inside the inner wall (4) of .the keeping cage (1); 
the light receiving elements (11b) of the standing 
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action detectors (11) are arrnged on a circle, re- 
spectively, opposite to the corresponding light pro- 
jecting elements (11a) either Inside the inner wall 
(4) of the keeping cage (1) or outside the outer wall 
(2) of the keeping cage (1); s 
the light projecting elements (12a) of the inner 
peripheral position detectors (12) are arranged on a 
circle either over or under the keeping cage (1); 
the light receiving elements (12b) of the inner pe- 
ripheral position detectors (12) are arranged on a w 
circle, respectively, opposite to the corresponding 
light projecting elements (12a) either under or over 
the keeping cage (1); 

the light projecting elements (13a) of the outer 
peripheral position detectors (13) are arranged on a is 
circle either over or under the keeping cage (1); 
and 

the light receiving elements (13b) of the outer 
peripheral position detectors (13) are arranged on a 
circle, respectively, opposite to the corresponding 20 
light projecting elements (13a) either under or over 
the keeping cage (1). 

2. An observation apparatus according to Claim 
T, wherein the circumferential position detectors 
(10) are arranged alternately on the upper side and 25 
lower side of a horizontal plane in a vertically 
zigzag arrangement, and the standing action detec- 
tors (11) are arranged alternately on the upper side 
and lower side of a horizontal plane in a vertically 
zigzag arrangement. 3Q 
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